The Japan Collaborative Cohort (JACC) study, established between 1988 and 1990, was designed to evaluate the effects of lifestyle factors on health of Japanese men and women. The detailed design of the JACC study was previously reported elsewhere. 17, 18 Briefly, a total of Background and Purpose-An effect of multivitamin supplement on stroke risk is uncertain. We aimed to examine the association between multivitamin use and risk of death from stroke and its subtypes. Methods-A total of 72 180 Japanese men and women free from cardiovascular diseases and cancers at baseline in 1988 to 1990 were followed up until December 31, 2009. Lifestyles including multivitamin use were collected using selfadministered questionnaires. Cox proportional hazards regression models were used to estimate hazard ratios (HRs) of total stroke and its subtypes in relation to multivitamin use. Results-During a median follow-up of 19.1 years, we identified 2087 deaths from stroke, including 1148 ischemic strokes and 877 hemorrhagic strokes. After adjustment for potential confounders, multivitamin use was associated with lower but borderline significant risk of death from total stroke (HR, 0.87; 95% confidence interval, 0.76-1.01), primarily ischemic stroke (HR, 0.80; 95% confidence interval, 0.63-1.01), but not hemorrhagic stroke (HR, 0.96; 95% confidence interval, 0.78-1.18). In a subgroup analysis, there was a significant association between multivitamin use and lower risk of mortality from total stroke among people with fruit and vegetable intake <3 times/d (HR, 0.80; 95% confidence interval, 0.65-0.98). That association seemed to be more evident among regular users than casual users. Similar results were found for ischemic stroke. Conclusions-Multivitamin use, particularly frequent use, was associated with reduced risk of total and ischemic stroke mortality among Japanese people with lower intake of fruits and vegetables. Correspondence to Hiroyasu Iso, MD, PhD, Public Health, Department of Social Medicine, Osaka University Graduate School of Medicine, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan. E-mail iso@pbhel.med.osaka-u.ac.jp © 2015 American Heart Association, Inc. 110 585 men and women aged 40 to 79 years from 45 communities across Japan were enrolled in the investigation and completed selfadministered questionnaires, including information on demographics, medical history, lifestyle factors, and diet. All informed consents were obtained from participants except for several communities where consents were obtained from community leaders. The protocol of the investigation was approved by the ethics committees of Nagoya University and Osaka University. For this analysis, participants were excluded if they (1) had a history of myocardial infarction, stroke, or cancer; (2) did not report information on multivitamin use; (3) had a body mass index outside of the range between 16 and 40 kg/m 2 ; (4) had an implausible energy intake outside of the range between 800 and 4000 kcal/d. As a result, 72 180 participants were eligible for this analysis.
M
ultivitamin supplements are widely used in developed countries because of the popular belief that they can help promote health and prevent diseases. However, the results from researches examining the effects of multivitamin use on human health are controversial. Most published cohort studies have reported a lack of effect of multivitamin use on cardiovascular disease, cancer, or all-cause mortality. [1] [2] [3] [4] One study found that multivitamin use was associated with decreased risk of cardiovascular mortality, 5 whereas several other studies suggested that it was associated with increased risk of cancer 6 and all-cause mortality. 6, 7 On the contrary, previous prospective cohort studies showed that high consumption of fruit and vegetables, rich in antioxidants, vitamins, and minerals, was associated with reduced risk of stroke incidence. 8 Also, dietary intake of individual nutrients, including vitamin C, 9, 10 folate, [11] [12] [13] magnesium, 14 and potassium 15, 16 may have beneficial effects on stroke prevention. However, an effect of multivitamin supplement on stroke risk is uncertain. Only 2 prospective cohort studies 3, 6 have evaluated the association between multivitamin use and risk of stroke incidence or mortality, and the results were negative. Furthermore, it is largely unknown whether the association varies by stroke subtypes and whether participant characteristics, for example, dietary intake of fruits and vegetables, modify the association.
Therefore, the aim of this study was to examine the association between multivitamin use and risk of death from stroke and its subtypes. We also aimed to examine the association according to population characteristics.
Stroke
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110 585 men and women aged 40 to 79 years from 45 communities across Japan were enrolled in the investigation and completed selfadministered questionnaires, including information on demographics, medical history, lifestyle factors, and diet. All informed consents were obtained from participants except for several communities where consents were obtained from community leaders. The protocol of the investigation was approved by the ethics committees of Nagoya University and Osaka University. For this analysis, participants were excluded if they (1) had a history of myocardial infarction, stroke, or cancer; (2) did not report information on multivitamin use; (3) had a body mass index outside of the range between 16 and 40 kg/m 2 ; (4) had an implausible energy intake outside of the range between 800 and 4000 kcal/d. As a result, 72 180 participants were eligible for this analysis.
Data Collection
The baseline questionnaire included information on use of multivitamins (yes or no) and other single vitamin supplements. Participants were asked whether they used any of these supplements and the frequency of use (regular, casual, or never) during the last year. As for multivitamin user, regular user was defined as using multivitamins everyday and casual user was defined as using multivitamins occasionally. The baseline questionnaire also included information on age, sex, family history of diseases, history of hypertension, diabetes mellitus, cardiovascular diseases, and cancer, height, weight, education background, smoking status, alcohol use, physical activity, mental stress, and dietary habits. Body mass index was calculated by dividing the weight in kilograms by the square of height in meters. Dietary assessment was conducted using a food-frequency questionnaire with 33 items. The reproducibility and validity of the food-frequency questionnaire used in this study were previously reported elsewhere.
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Ascertainment of Stroke Mortality
Investigators conducted a systematic review of death certificates in each of the communities for mortality surveillance, all of which were forwarded to the public health centers, respectively. Mortality data were then centralized at the Ministry of Health and Welfare, and the underlying cause of death was coded according to the International Classification of Diseases. Deaths within the cohort were ascertained by death certificates from public health centers. Participants who died after they had moved from their original communities were treated as censored cases. The participants were followed up to determine mortality from stroke and other causes by the end of 2009, except for 4 areas in 1999, 4 areas in 2003, and 2 areas in 2008 where the follow-up had been terminated. The stroke mortality was determined based on the International Classification of Disease-Tenth Revision: I60-I69 for total stroke, I60-I62 and I69.0-I69.1 for hemorrhagic stroke, and I63 and I69.3 for ischemic stroke.
Statistical Analysis
Person-time of follow-up was calculated from the date of enrollment until the date of death from stroke, death from other causes, moving from the original community, or December 31, 2009, whichever came first. Age-adjusted means and proportions of the population baseline characteristics were calculated according to multivitamin use. The differences between users and nonusers were tested by ANOVA for continuous variables and χ 2 test for categorical variables. We used Cox proportional hazards regression models to estimate hazard ratios (HRs) with 95% confidence intervals (CIs) of mortality from total, ischemic, and hemorrhagic strokes. We also examined the frequency of multivitamin use in relation to stroke mortality. All analyses were adjusted for age and study area. In multivariable models, we also adjusted for sex, body mass index (<18.5, 18.5-22.9, 23-24.9, 25-29.9, 30-39.9, and ≥40 kg/m 2 ), education (age at completed education of <13, 13-15, 16-18, or ≥19 years), history of hypertension (yes or no), history of diabetes mellitus (yes or no), family history of stroke (yes or no), alcohol use (never, former, and current drinker <23, 23-45.9, 46-68.9, and ≥69 g/d), smoking status (never, former, and current smoker 1-19 cigarettes/d or ≥20 cigarettes/d), sports (rarely, 1-2, 3-4, ≥5 hours/wk), walking (rarely, <30, 30-59, ≥60 minutes/d), mental stress (little or none, moderate, high, and extreme high), single use of vitamin C or vitamin E supplement (yes or no), and dietary intake of fresh fish, red meat, fruits, vegetables, and total energy (quintiles).
To assess whether participant characteristics modifies the association, we next conducted a subgroup analysis. We examined the association according to age (≥65 and <65 years), sex, education level (age at completed education ≥16 and <16 years), and combined frequency of fruit and vegetable intake (≥3 and <3 times/d). All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC). All statistical tests were 2 sided, and P values <0.05 were considered statistically significant.
Results
Baseline characteristics of the study population according to multivitamin use are summarized in Table 1 . Among 72 180 participants under study, 13.1% of them (n=9483) used multivitamin supplement. Compared with nonusers, multivitamin users were more likely to have lower body mass index, higher level of education, and higher level of physical activity. They were also more likely to be men, current smoker, current drinker, and to have a history of diabetes mellitus and higher mental stress. In addition, multivitamin users were more likely to eat red meat and fruits and use vitamin C and vitamin E supplements. Among multivitamin users, regular users were more likely to be older, have a history of hypertension and diabetes mellitus, and have higher mental stress.
During a median follow-up of 19.1 years among 72 180 participants, we identified 2087 deaths from stroke, including 1148 ischemic strokes, 877 hemorrhagic strokes, and 62 unspecified strokes. The associations between multivitamin use and death from total stroke and stroke subtypes are presented in Table 2 . The results from the age-and area-adjusted model and the multivariable model differed little. After adjustment for potential confounders, multivitamin use (all users versus nonusers) was associated with reduced risk of death from total stroke (HR, 0.87; 95% CI, 0.76-1.01; P=0.07), primarily ischemic stroke (HR, 0.80; 95% CI, 0.63-1.01; P=0.06), but these associations were of borderline statistical significance. Multivitamin use was not related to death from hemorrhagic stroke (HR, 0.96; 95% CI, 0.78-1.18; P=0.70). Among multivitamin users, risk of death from total and ischemic stroke tended to be lower among regular users than among casual users, and the trends were of borderline statistical significance.
We next conducted a subgroup analysis according to age, sex, education level, and dietary intake of fruits and vegetables (Table 3) . For total stroke, no association was observed among participants grouped by age, sex, or education level. However, a significant inverse association between multivitamin use (all users versus nonusers) and risk of mortality from total stroke was observed among 49.2% of total subjects who had fruit and vegetable intake <3 times/d (HR, 0.80; 95% CI, 0.65-0.98). In that subgroup, the inverse association seemed to be more evident among regular users than among casual users (HR, 0.67; 95% CI, 0.45-0.99 versus HR, 0.86; 95% CI, 0.68-1.10). Yet such an association was not observed in those with fruit and vegetable intake ≥3 times/d. Similar as total stroke, multivitamin use was associated with a lower risk users, respectively), whereas it was not related to hemorrhagic stroke mortality among any subgroups (Appendix Tables I and  II in the online-only Data Supplement). 
Discussion
In this large prospective cohort study among Japanese population, we observed an inverse association of borderline statistical significance between multivitamin use and risk of total stroke mortality, primarily ischemic stroke. In the subgroup analysis, multivitamin use, particularly frequent use, was associated with a significant lower risk of total and ischemic stroke mortality among people with lower intake of fruits and vegetables, which consisted of nearly half of the total population. Up to date, the impact of multivitamin use on stroke risk has been inconclusive. The Women's Health Initiative study, a cohort study of 161 808 postmenopausal women, found no association between multivitamin use and stroke incidence (HR, 0.99; 95% CI, 0.91-1.07). 3 The Cancer Prevention Study II study, a prospective study of 1 063 023 adult Americans, also showed no association between multivitamin use and stroke mortality (HR, 0.99; 95% CI, 0.89-1.10). 6 The Nutrition Intervention Trials in Linxian, China, conducted in 3318 adults with esophageal dysplasia suggested a nonsignificant lower risk of cerebrovascular disease in multivitamin treatment group (HR, 0.62; 95% CI, 0.37-1.06). 20 The Physicians' Health Study II randomized controlled trial with a total sample of 14 641 men and a mean follow-up of 11.2 years found no benefits of multivitamin for the prevention of stroke (HR, 1.08; 95% CI, 0.76-1.53) or other cardiovascular events. 21 In the main analysis, we found an association of borderline statistical significance between multivitamin use and lower risk of stroke mortality. In our subgroup analysis, multivitamin use was significantly associated with a lower risk of total and ischemic stroke mortality in people with lower intake of fruits and vegetables (<3 times/d) but not those with higher intake (≥3 times/d). Fruits and vegetables, rich in antioxidants, vitamins, and minerals, have widely been reported to help protect against the development of stroke. 8 It is possible that people with lower intake of fruits and vegetables may be short in vitamins and minerals and could, therefore, benefit from multivitamin use. On the contrary, supplemental multivitamin intake may provide no benefit in those with high fruit and vegetable intake. Recently, the United States Preventive Services Task Force reviewed the evidence and concluded that the current evidence is insufficient to assess the balance of benefits or harms of the use of multivitamins for the prevention of cardiovascular diseases or cancer. 22 To be noted, this statement focused on healthy adults without special nutritional needs. Whether multivitamin use has beneficial effects on cardiovascular health in people with low nutrient intake remains unclear. Further cohort studies and clinical trials may take individual nutrient intakes into account when examining the health effects of multivitamin use.
We observed a trend toward lower risk of ischemic stroke in relation to multivitamin use but not of hemorrhagic stroke. According to a meta-analysis of 9 randomized controlled trials, vitamin E supplement was associated with reduced risk of ischemic stroke (pooled HR, 0.90; 95% CI, 0.82-0.99) but with increased risk of hemorrhagic stroke (pooled HR, 1.22; 95% CI, 1.00-1.48), suggesting effects of individual vitamin/ mineral may vary by stroke subtypes. 23 Because few studies have examined multivitamin use in relation to risk of stroke subtypes, a potential differential effect needs to be clarified in further investigations.
In our study, there was a trend toward a lower risk of total and ischemic stroke mortality among regular users, particularly those with lower fruit and vegetable intake. Finding from a previous cohort study showed that people who used multivitamins 6 to 7 times/week experienced lower risk of cardiovascular disease (HR, 0.84; 95% CI, 0.70-0.99) than those who used them 1 to 2 times/week (HR, 1.00; 95% CI, 0.81-1.24). 5 However, another cohort study showed no difference in risk of cardiovascular disease according to the frequency of multivitamin use. 4 A previous study of 1 063 023 American adults reported that the combined use of multivitamin and vitamin A, C, or E, but not the use of only multivitamin, was associated with reduced risk of stroke mortality (HR, 0.84; 95% CI, 0.74-0.95 for men and HR, 0.86; 95% CI, 0.76-0.98 for women), suggesting a combination of specific vitamin supplements may be necessary for risk reduction. 6 In our study, the combined use of multivitamin and vitamin C or E was not significantly associated with reduced risk of stroke mortality (HR, 0.77; 95% CI, 0.47-1.25). This nonsignificant association may be because of insufficient statistical power *Adjusted for age, study area, sex, body mass index, education level, history of hypertension, history of diabetes mellitus, family history of stroke, alcohol use, smoking, sports, walking, mental stress, use of vitamin C or vitamin E supplementation, dietary intakes of fish, red meat, fruits, vegetables, and total energy. 
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because the number of participants who had the combined use (n=980) and the number of stroke death (n=16) were small in our study. Our study has several strengths. A population-based and prospective design eliminated recall bias and reduced selection bias. A median of 19.1 years follow-up allowed us to examine a long-term effect of multivitamin use on mortality from stroke and its subtypes. Also, we were able to examine the effect modifications of the associations by known risk factors of the population.
Limitations of our study should be also noted. First, despite our efforts to adjust for possible confounding factors, we could not rule out the influences of unmeasured factors or residual confounding because of its observational nature. Second, we had the baseline data only for the analysis. Lack of repeated measurements during follow-up period may lead to nondifferential misclassification bias, resulting in attenuated risk estimates. Third, we had no data on multivitamin compositions, dose, or duration of multivitamin use, which made more detailed analysis impossible. However, previous studies found no evident difference in risk of cardiovascular disease by duration of multivitamin use. 3, 4 In addition, measurement errors were inevitable because of the nature of selfadministrated questionnaire.
In summary, from this prospective cohort study, we found that multivitamin use, particularly frequent use, was associated with reduced risk of total and ischemic stroke mortality among Japanese people with lower intake of fruits and vegetables. This finding supports a beneficial role of multivitamin use among people with insufficient nutrient intakes. therefore, benefit from multivitamin use. On the contrary, supplemental multivitamin intake may provide no benefit in those with high fruit and vegetable intake. Recently, the United States Preventive Services Task Force reviewed the the combined use of multivitamin and vitamin C or E was not significantly associated with reduced risk of stroke mortality (HR, 0.77; 95% CI, 0.47-1.25). This nonsignificant association may be because of insufficient statistical power 
